Second cycle breeding, utilizing backcross and F 2 generations, has become the predominant type of line development program in the U.S. maize (Zea mays L.) industry. Epistasis and linkage have been identified as possible limits to progress from selection in F 2 and backcross populations. Objectives of this study were to determine the importance of epistasis in an elite maize hybrid and to determine the appropriate generation for initiation of inbred line development. Six generations of progeny were developed from B73 and B84: the two parental generations, Pl (B73) and P2 (B84); the F 2 generation [(B73 × B84) F 2 ]; the BCP 1 generation [(B73 × B84) × B73]; the BCP 2 generation [(B73 × B84) × B84]; and the F 2 -Syn 8 generation (the F 2 generation random mated for eight generations). Testcross progeny were produced by crossing random S 9 plants from each of the six generations onto the inbred tester Mo17. One-hundred progeny of F 2 × Mo17 and F 2 -Syn 8 × Mo17 and 50 progeny of BCP 1 × Mo17 and BCP 2 × Mo17, as well as the parental testcrosses, were harvested. The experiment was evaluated at four locations in 1990 and three locations in 1991. Epistatic effects were significant for grain yield and grain moisture, and accounted for 21 and 18% of the variation among generation means, respectively. The genetic variance and heritability for grain yield ranked F 2 -Syn 8 > F 2 > BCP 1 > BCP 2 , but differences among generations were not significant. The predicted gains for each generation ranked in agreement with the heritability. Under low selection intensities (a = 20%), the predicted mean (usefulness) ranked the generations BCP2 2 > F 2 >> F 2 -Syn 8 > BCPI. Under high selection intensity (a = 1%), usefulness ranked the generations F 2 > F 2 -Syn 8 > BCP 2 > BCP 1 . The choice between F 2 and backcrosses as source populations is primarily a function of selection intensity. Our results suggest little to no advantage of random mating the F 2 before initiating selection and inbreeding. 
M
ODERN MAIZE BREEDING is based on work conducted by Shull (1909) and East (1908) . The first inbreds (referred to as first-cycle inbreds) were developed from open-pollinated varieties and were used primarily to produce double-cross hybrids. Because of limited genetic improvement from recycling open-pollinated varieties (Hallauer, 1990) , the emphasis switched to making improved versions of these inbreds or second cycle inbreds, by crossing them to form new populations (usually F2 or backcross) for further inbreeding and selection. This process, called second-cycle breeding is now a common practice among maize breeders (Hallauer, 1990) . Second-cycle breeding is characterized as the improvement of an elite inbred through the addition of favorable alleles from a complementary inbred. Two of the more im- portant decisions in second cycle breeding are the choice of inbreds to include in the cross and type of segregating population to develop from the cross. Dudley (1987) and Gerloff and Smith (1988) have developed theory aid in the choice of the best inbred to improve the parents of a single-cross hybrid. Dudley (1982) developed theory regarding the type of segregating population in which to initiate selection. Previous surveys had indicated that F2 and backcross populations were most frequently used in practice. Dudley generalized that the advantage of using backcross populations was dependent on the degree of dominance and the divergence of the parents. Dudley presented his theory based on the performance of the populations per se and assumed that epistasis was negligible.
Melchinger (1987) presented theory for comparing means and variances of testcrosses produced from F2 and backcross populations considering linkage and epistatic effects. Melchinger suggested that the choices among types of segregating populations should be based on the distributions of testcrosses in the first segregating generation and usefulness (Schnell, 1983) estimates. Generally, the F2 population was superior when the F2 and backcross generation testcross means were not significantly different and the heritability and selection intensity were high. However, little empirical evidence is available regarding Melchinger's theory.
The ideal segregating population has a high mean for the trait of interest and adequate genetic variance to enable progress from selection. With elite by elite crosses, the F2 population is expected to be superior in the absence of epistasis. Therefore, random mating the F2 population to increase the genetic variance should be advantageous.
The objectives of our study were (i) to estimate and compare genetic parameters for the testcross progenies of the F2, F2-Syn 8, and first backcross generations of the inbred lines B73 and B84; (ii) to determine the importance of epistasis in the testcross generations derived from inbred lines B73, B84, and Mo17; and (iii) to recommend the superior type of segregating population to develop from the cross of elite inbred lines B73 and B84.
MATERIALS AND METHODS

Genetic Materials
Inbreds used in this experiment were the yellow dent maize inbreds B73, B84, and Mo17. Inbred B73 was selected from BSSS(HT)C5 (Russell, 1972) . Inbred B73 is recognized in hybrid seed corn industry by its erect leaves and excellent combining ability. Inbred B84 was derived from BS13(S)C0 (Russell, 1979) . The inbred Mo17 is classified as a 'Lancaster Sure Crop' type and was developed from the cross of CI187-2 × C103 by pedigree selection (Zuber, 1973) . The inbred B84 combines well with B73 despite their common background and frequently is higher yielding than B73 in single-cross hybrids with Mo17.
Six generations of progeny were developed from B73 and B84: the two parental generations, P1 (B73) and P2 (B84), the F2 [(B73 × B84) F2], the F2-Syn 8 generation [(B73 B84) F2-Syn 8], the BCPI generation [(B73 × B84) × B73], and the BCP2 generation [(B73 × B84) × B84]. The population was developed by self-pollinating random plants in the F~ hybrid. The FE-Syn 8 population was developed by random mating the F2 progeny to produce F2-Syn 1, random mating F2-Syn 1 to produce F2-Syn 2, etc., until the eighth generation of random mating. The random-mating procedure was described by Covarrubias-Prieto et al. (1989) and involved making crosses among 250 plants. The BCPt population was developed by crossing random Ft hybrid plants to B73. The BCP2 population was developed by crossing the F~ hybrid to B84.
Testcross progeny were developed in the 1989 breeding nursery near Ames, IA, by crossing random plants from each of the six generations with inbred Mo17. All crosses were harvested and 100 progeny each of F2 × Mo17 and FE-Syn 8 × Mo17 and 50 progeny each of BCP~ × Mo17 and BCP2 × Mo17 were randomly selected with the restriction that each progeny have enough seed for evaluation.
Field Evaluation
These 300 entries, as well as three entries per parental testcross, were evaluated in a 17 × 18 generalized or(0,1) lattice experimental design with two replications (Patterson and Williams, 1976) . Testcrosses were evaluated at Ames, Ankeny, Crawfordsville, and Martinsburg, IA, in 1990 and at Ames, Crawfordsville, and Martinsburg in 1991 for a total of seven environments. Experimental plots were two rows, 5.49 m long with 0.76 m between rows. Plots were overplanted and thinned at the four to seven leaf stage to a uniform stand density of 62 190 plants ha-t. Plots were machine planted and harvested without gleaning for dropped ears. Data collected on plots were machine harvestable grain yield (Mg ha-~) adjusted to 155 g kg -~ grain moisture, grain moisture concentration (g kg -~) at harvest, root lodging (percentage of plants leaning more than 30° from vertical), stalk lodging (percentage of plants with broken stalks at or below the highest ear-bearing node), ear height (cm), pollen date (days after June 30-50% of plot shedding pollen), and silking date (days after June 30-50% of plot with emerged silks). Ear heights were calculated as the average of measurements from ground level to the highest ear-bearing node on 10 competitive plants per plot after anthesis. Grain yield, grain moisture, root lodging, stalk lodging, and ear height were recorded at all environments. Pollen and silking dates were recorded at Ames in 1990 and 1991.
Statistical Analysis
Individual environments were analyzed by using the analysis for a rectangular lattice. Means adjusted for lattice block effects were used to calculate the combined analysis of variance over environments (year-location combinations). All main effects and interaction effects were considered random. Sums of squares and degrees of freedom for the'genotype and genotype x environment sources of variation in the combined analysis were partitioned by calculating sums of squares for among testcrosses within F2, F2-Syn 8, BCP~, and BCP2, and single degree of freedom contrasts among the testcross generation means. Entry mean squares were tested for significance by using the corresponding genotype × environment mean squares. Genotype × environment mean squares were tested for significance by using the effective error mean square.
Contrast mean squares were tested for significance by using the residual genotype × environment mean square. The variances of generation means across environments were calculated as the entry mean square for the appropriate generation divided by the number of observations in the mean.
Testcross progeny components of variance for F:, F~-Syn 8, BCP~, BCP2, and BC (pooled over BCP~ and BCP~) populations were calculated by equating observed with expected mean squares. The genetic expectations of the genetic variance components are given in Table 1 . Approximate 90% confidence intervals were calculated for genotypic and genotype × environment components of variance by the method outlined by Knapp et al. (1987) . Heritability was calculated on a testcross progeny mean basis as the ratio of genotypic to phenotypic variance. Exact 90% confidence intervals were calculated for heritability by the method outlined by Knapp et al. (1985) . Differences between generations for estimates of variance components and heritability were declared significant when the confidence intervals for the two generations did not overlap.
Phenotypic correlations between traits were calculated as the phenotypic covariance between the traits divided by the square root of the product of the individual trait phenotypic variances. Genotypic correlations between traits were calculated similarly, with genetic sources, and were only calculated when the estimates of genetic variances for both traits were significantly greater than zero.
Testcross means of P1 × Mo17, P2 × Mo17, F: × Mo17, F2-Syn 8 × Mo17, BCP~ × Mo17, and BCP2 × Mo17 populations averaged over environments were used to estimate genetic parameters in the models developed by Melchinger (1987) . Two models were fit to the data. Model 1 allows for linkage, but not epistasis:
Y= m r + x(dr);
where Y = generation testcross mean; m r = testcross mean of the F2 population in gametic equilibrium;
(d~) = ~ 0 ®j = + 1 if P1 contains the favorable allele at locus j and -1 otherwise; df = half the average effect of a gene substitution at locusj in the F2 testcross population; and x = coefficient that is generation dependent and is given in Table 1 .
Superscript T denotes parameters that are intrinsic to the tester used in the study. Model 2 allows for epistasis, but not linkage:
where (i r) = ~,q <k OjOki~; and i t = additive by additive epistatic effect between loci j and k.
The genetic expectations of the generation means are given in Table 1 . The models indicate that the backcross generation testcross can contain at a maximum, half the main effect (d r) and a fourth the epistatic effect (it) contained within the parental testcross. Similarly, the backcross generation testcross differs from the F2 generation testcross by a maximum of half the main effect and a fourth the epistatic effect. The genetic parameters for both models were estimated by weighted least squares: Approximate 90% confidence intervals were calculated for AG by using the method outlined by Bridges et al. (1991) .
Predicted selection responses were used to calculate usefulness as proposed by Schnell (1983) . Usefulness, which predicts the genotypic mean of the upper ¢t % of the distribution, was calculated as:
where Y = mean of unselected population. *, ** Significant at the .05 and .01 probability levels, respectively. Evaluated at two environments. m r -testcross mean of the F2 population in gametic equilibrium r = 0j = + 1 if P1 contains the favorable allele at locus j and -1 otherwise; dT = half the average effect of a gene substitution at locus j in the F2 testcross population T) = i]~ = additive by additive epistatic effect between loci j and k. ff = Observed Chi-square lack of fit. R 2 = Proportion of the total sums of squares accounted for by the model. The usefulness statistic is more appropriate than using the predicted selection response alone because it accounts for the mean and the genetic variance of the population (Melchinger et al. 1988) .
RESULTS AND DISCUSSION
Means
The Ames location in 1991 had the highest mean grain yield (9.33 Mg ha -t) and moisture (203 g kg-l). The Crawfordsville location in 1991 had the lowest mean grain yield (5.29 Mg ha-l), which was attributed to lack of moisture during pollination and grain fill. Expression of root lodging was generally poor except at Ankeny and Crawfordsville in 1990. Stalk lodging expression was good across all environments. Pollen and silking dates were 14 d earlier in 1991 than in 1990.
Testcross means of P2 were significantly (P _< 0.05) greater for grain yield, stalk lodging, ear height, and silking date than P1 testcrosses ( Table 2 ). The Syn 8 testcrosses had significantly lower means for grain yield, grain moisture, stalk lodging, ear height, pollen date, and silking date than the F2 generation testcrosses. The testcross means for the BCP1 were significantly different from the BCP2 for all traits. Significant genotype x environment interactions were detected for grain yield, grain moisture, root lodging, ear height, and silking date.
The non-epistatic model (Model 1) explained 39 77% of the variation among generation means ( Table   2 ). The ~2 goodness of fit was significant for all traits except silking date, indicating that the additive effects alone did not fully account for the variation among generation means. Inclusion of digenic epistatic effects significantly improved the fit for grain yield and grain moisture, although the ~2 for goodness of fit was still significant. Additive effects were significant for all traits in Model 2, and epistatic effects were significant for grain yield and grain moisture.
The importance of epistasis in elite maize hybrids is largely unknown. Epistasis in maize has generally been estimated by application of mating designs to estimate components of variance in random mating populations (Hallauer and Miranda, 1988) or by the per se performance of generations derived from the F1 cross of two inbreds (generation means analysis, Mather and Jinks, 1982) . In neither instance is the reference population for the models reflective of elite maize hybrids. The reference population for Melchinger's (1987) model used our study, is the F2 testcross population in gametic phase equilibrium. If the parental inbreds of the F2 are chosen to be from the same heterotic group and the tester is chosen to be from the opposite heterotic group, then inferences from the analysis of testcross generation means are directly applicable to elite maize hybrids.
The results of fitting Models 1 and 2 to the six generation means for grain yield are shown graphically in Fig.  1 means, but had a highly significant lack-of-fit. Model 2, which allows epistasis, but not linkage, detected significant epistatic effects and explained 69 % of the variation among the generation means. These results indicate that unlinked additive × additive epistatic effects account for 21% of the variation among generation means. The significant lack-of-fit to Model 2 suggests that other epistatic effects, both linked and unlinked, are also important in this population. The results are evidence that favorable epistatic gene combinations have been accumulated in B73 and B84. If positive net epistasis has been fixed in the pare__nts, then the testcross generation means should rank P > BC > F2. The parental testcross mean (~) for grain yield (7.26 Mg ha -~) was significantly greater than the BC mean (6.98 Mg ha -1) and the F2 mean (6.98 Mg ha-l). The BC mean and the F2 mean were identical, however. The lack of difference between the BC and F2 means was unexpected because backcrossing offers less opportunity for recombination than the F2 generation and a lower risk of epistatic recombination loss (Melchinger et al., 1988) . Backcrossing, however, recovers at most 25% of the epistasis that was lost between the FI and F2 generation. Our results indicate that the epistasis fixed in the parents was not recovered by one generation of backcrossing or that there was a canceling of positive and negative epistatic effects. A limitation of measuring epistasis by using generation means is that only net epistatic effects are detected.
Epistatic effects (i r) were also significant for grain moisture and accounted f_or 18 % of the variation among generation means. The P mean was equal to the BC mean (168 g kg-l), but the BC mean was significantly greater than the F2 mean (167 g kg-~). These results are similar to those found for grain yield. For traits other than grain yield and moisture, epistatic effects were nonsignificant, and except for pollen date, the nonepistatic model (Model 1) explained 72 to 77% of the variation among generation means. The significant lackof-fit to Model 2 for these traits is evidence of linked epistatic effects. Linked epistatic effects, however, are relatively unimportant for these traits because the range among the six generation means is small from an agronomic point of view. Therefore, the means of the BC and F2 generations can be predicted reliably from the parental testcross means.
The significant lack-of-fit to Model 1 for all traits, except grain yield and silking date, can be explained by the inclusion of the F2-Syn 8 generation in the model. When the F2-Syn 8 generation is excluded from the model, the lack-of-fit to Model 1 is nonsignificant for all traits except grain yield, and the model explained from 82 to 96% of the variation among generation means. Furthermore, when Model 2 is fit to the data set excluding the F2-Syn 8 generation, the lack-of-fit is nonsignificant for all traits and significant epistatic effects were detected only for grain yield. These results are similar to those reported by Melchinger et al. (1988) , who did not include a random-mated F2 generation.
An assumption of the models used to detect and estimate epistasis is that allelic frequencies at loci segregating for quantitative trait loci are in agreement with the expected frequencies for each of the generations. If allelic frequencies changed because of natural or unconscious selection during random mating to produce the F2-Syn 8, then the resulting changes in performance of the F2-Syn 8 generation would result in the detection of epistasis even ifepistasis were not present. Schnell (1984) has demonstrated that changes in allelic frequency due to unconscious selection can mimic epistasis. We have no compelling evidence that allelic frequencies have changed with random mating. Testcross genetic variance is at a maximum when allelic frequencies equal 0.5 and is expected to decrease with any change in allelic frequency. We observed an increase in genetic variance with random mating. This suggests that there has been little change in allelic frequencies with random mating, unless any decrease in genetic variance was counterbalanced by an increase in genetic variance due to the breakup of repulsion phase linkages.
Melchinger (1987) showed that the comparison F~ testcrosses with F~ (recombinant inbred) testcrosses provides one of the most sensitive tests for detecting linked epistatic effects. Theoretically, random mating the F2 generation one or more times before producing testcrosses is more sensitive for detecting epistasis than evaluating F,. testcrosses0 Our empirical results demonstrate the power of random mating for detecting linked epistatic effects. Covarrubias-Prieto et al. (1989) reported a significant linear decline in the performance of the (B73 × B84) F2 population per se with six generations of random mating. If per se results are indicative of testcross results, then two or three generations of random mating should be sufficient for detecting linked epistatic effects.
Genetic Variance, Heritability, Selection Response, and Usefulness Estimates of genetic variance for grain yield were significantly greater than zero for all generations except BCP2 (Table 3 ). The genetic variance for grain yield ranked F2-Syn 8 > F2 > BCP1 > BCP2; however, the differences among generations were not significant. The difference in genetic variance between the F2-Syn 8 and BC was significant. Estimates of genotype x environment interaction variance for grain yield were significantly greater than zero for all generations. The estimate of genotype x environment interaction variance for the BCP2 generation was twice as large as for the other generations.
Comparison of genetic variances among testcross generations also provides a test for the presence of epistasis. Melchinger et al. (1988) showed that the backcross generation genetic variance estimates should be equal in the absence of epistasis. The difference between the BCP1 and BCP2 estimates of genetic variance for grain yield was not significant. The expected ratio of the BCPI, BCP2, and the BC genetic variance to the F2 genetic variance is 0.50 in the absence of epistasis and increases to 0.58 for equal contributions of nonepistatic and epistatic effects (Melchinger et al., 1988) . Based on the results of means comparison indicating the presence of epistasis, the expected value of the ratio should be near, but less than 0.58. The observed ratios for grain yield of 0.32 and 0.42 for the BCPI:F2 and BC:F2 fall outside the expected ratio range. This could be an indication of failure of the model, but is more likely due to poor estimates of the backcross generation variance components. The failure of the variance component data to support the means data may be a function of the inherent difficulty in estimating variance components and the relatively small sample sizes used in the BCP~ and BCP2 generations.
The BCP2 genetic variance component estimate was not significantly different from zero, although genetic variance was expected to be present in this population. Melchinger et al. (1988) also found that backcrossing to the higher yielding parent resulted in a nonsignificant estimate of genetic variance among testcross progenies. These results suggest that it may not be possible to accumulate favorable alleles for grain yield into one genotype in an additive fashion as predicted by the dominance theory of heterosis. These results are further evidence of the importance of epistatic gene combinations in B73 and B84. The estimates of heritability for grain yield ranked F2-Syn 8 > F2 > BCP~ > BCP2, which was the same as the ranking for the genetic variance components. There was no significant difference between the F2-Syn 8 and F2 generations or the BCPI and BCP: generations. The estimates of heritability for the BCPI and BCP2 generations were not significantly different from zero.
There were several negative or nonsignificant estimates of genetic variance for the traits other than grain yield (Table 3) . The difference between the F2-Syn and F2 generations and the BCP1 and BCP2 generations was nonsignificant for all traits. Estimates of genetic variance in the F2 generation were significantly greater than the BCP~ and BCP: generations for grain moisture and ear height. Estimates of the genotype × environment interaction variance for stalk lodging and pollen date were nonsignificant for all generations. Relative differences among generations for heritability were similar to those observed for genetic variances.
The difference in predicted selection response between the F~oSyn 8 and the F~ generation was significant for grain yield, grain moisture, stalk lodging, pollen date, and silking date (Table 4) . Random mating the F2 changed predicted selection response in the favorable direction for grain yield, stalk lodging, pollen date, and silking date, whereas the change for grain moisture was in the unfavorable direction. The remaining traits showed similar predicted selection responses for the F2 and FESyn 8 generations. Predicted selection responses were generally larger in the F2 generation than in the BCPã nd BCP2 generations, although differences were not significant for all traits. As expected, predicted selection response ranked generations in the same order as heritability for all traits.
Under low selection intensity (ix --20%), usefulness ranked the generations BCP2 ~ F2 ~ F2-Syn 8 > BCPf or grain yield (Table 4) , whereas, under higher selection intensities (~t < 1%), they ranked F2 ~ F2-Syn 8 > BCP2 > BCP1. For all other traits, except grain moisture at the high selection intensity, the F~-Syn 8 generation had the greatest usefulness at both selection intensities.
The superior type of segregating population under low selection intensities for grain yield is the BCP2 generation on the basis of the usefulness statistic. A low selection intensity places more value on the initial mean of the population than on the predicted selection response. The usefulness statistic becomes more a function of the predicted selection response as the selection intensity increases. Because the BCP2 generation testcross contained nonsignificant genetic variance, the predicted selection response for this generation was low. Thus, under high selection intensities, the BCP2 generation did not attain an increase in usefulness similar to that of generations Table 4 . Means, predicted selection responses [AG(a)] with 90% confidence intervals in parentheses, and predicted usefulness [U(a)] a selection intensity of testcross progeny from F2, F2-Syn 8, BCP1, and BCP2 generations grown at seven environments. containing significant genetic variance. The F2 generation had the greatest usefulness under high selection intensities when compared to the BC and F2-Syn 8 generations.
Correlations
Phenotypic correlations among traits were generally consistent across generations (Table 5) . Ear height was significantly positively correlated with nearly all other traits in the study. Correlations of grain yield with other traits fell into the range of _+ 0.20, with the exceptions of F2, BCP~, and BCP2 with ear height and BCP~ with grain moisture. Genotypic correlations were small or unestimable, because many of the genetic variances were small or nonsignificant (Table 5) . Melchinger et al. (1988) showed that under Model genotypic correlations between traits are expected to be identical among generations regardless of whether the correlations are due to linkage or pleiotropism or both. There is some evidence for epistasis in the correlations between grain yield and grain moisture and between grain moisture and ear height, pollen date, and silking date. In some instances, these correlations ranged from large positive values to large negative values among generations. These data support our earlier conclusions of significant epistatic effects for grain yield and grain moisture.
Effect of Random Mating in F2 Populations
A basic step of second-cycle breeding methodology, whether using F2 or backcross populations, is the selection and crossing of inbreds to create genetic variability.
And because inbreds are used, the initial population is in maximum linkage disequilibrium. First-cycle inbreds were developed from open-pollinated varieties, presumably in linkage equilibrium, in which little if any of the genetic variance was locked-up by linkage. Linkage disequilibrium in F2 and BC populations, however, may impose a barrier to selection response (Sprague, 1963) . Hanson (1959) suggested at least one generation of random mating before selection to break up large linkage blocks.
Random mating the F2 resulted in a significant reduction in grain yield (0.27 Mg ha-~) because of the dissipation, by recombination, of favorable epistatic gene combinations that were accumulated in the parents. The dissipation of epistatic effects by recombination is referred to as epistatic recombination loss (Melchinger et al., 1988) . The primary advantage of random mating before selection and inbreeding is to break up linkage blocks resulting in a release of genetic variation and presumably an increase in the frequency of transgressive segregates. A disadvantage of random mating before selection and inbreeding, however, is that recombination may break up favorable linked blocks of genes, thus decreasing the probability of their retention in derived progeny. The problem is further compounded if there are favorable linked blocks of epistatic genes because epistatic recombination loss will result in a decrease in combining ability in derived progeny.
There was a large, but nonsignificant increase in genetic variance for grain yield observed from random mating the F2 generation (Table 3 ). The increase genetic variance and decrease in genotype × environment variance resulted in an increase in heritability (Table 3) and a significantly greater predicted selection response across selection intensities (Table 4) . Random mating seemed to have little effect on phenotypic and genotypic correlations (Table 5) . With the exception of root lodging, random mating the F2 resulted in significant improvement in traits other than grain yield, but in many cases the changes were not agronomically meaningful. The effect of random mating on genetic variance and heritability varied from trait-to-trait. The most obvious effect was for stalk lodging, in which there was a two-to three-fold increase in genetic variance and heritability following random mating.
Any potential advantage gained by random mating must be weighed against the time requirement for random mating. For random mating to be efficient, the gain in the population due to random mating must be greater than the gain from an equivalent period of selection within the F2 population. Although there were some advantages to random mating for the traits other than grain yield, there were major disadvantages for grain yield. The increase in genetic variance observed with random mating was due primarily to a greater frequency of families segregating below the mean and smaller frequency of families segregating above the mean when compared with the F2 generation (Fig. 2) . The distribution for the F2 and F2-Syn 8 generations did not deviate significantly from normality, although the F2-Syn 8 generation had a significant (P < 0.10), positive value for kurtosis indicating elongated tails. Although random mating increased the genetic variance, the additional genetic variance was due primarily to segregation below the mean. The net result of random mating was increased genetic variance at the expense of the mean. Covarrubias-Prieto et al. (1989) observed a significant linear reduction for grain yield after six generations of random mating the (B73 × B84) F2. Comparing the and F2-Syn 5 populations of B73 × B84, they observed an increase in the genotype × environment variance and the heritability for grain yield. They concluded, however, that there was no evidence that random mating was efficient for increasing the probability of recovering desirable recombinants.
Han and Hallauer (1989) also evaluated the effects five generations of random mating in the (B73 × B84) F2. Their results showed little change in the genetic variance of the population per se after random mating. The additive genetic variance estimate was relatively unchanged, whereas the dominance variance estimate decreased with random mating. They concluded that five generations of random mating did not increase the genetic variance.
Implications for Applied Breeding Programs
Hybrid maize breeding, as it is most commonly conducted (Hallauer, 1990) , is extremely effective in selecting favorable epistatic gene combinations. Because inbreeding is conducted simultaneously with hybrid evaluations, favorable epistatic gene combinations can ultimately be fixed in the inbreds. This breeding methodology, coupled with the fact that maize breeders use related inbreds or at least inbreds from the same heterotic pattern as parents of source populations, would tend to maintain favorable epistatic gene combinations, especially linked epistatic combinations. Epistasis could also explain why it has been difficult to develop improved recoveries from some maize inbreds (Melchinger et al., 1988) . Our results suggest that both linked and unlinked epistatic effects were important in the (B73 × B84) Mo17 testcross population for grain yield and grain moisture. The evidence indicates that there are net positive epistatic effects fixed in B73 and B84. This may explain why B73 has been such a widely used and successful inbred in maize breeding programs. The deviations of the observed means for B84 testcrosses from Model 1 (Fig. 1) , suggests that B84 contains more favorable epistatic gene combinations than B73. This is in agreement with results reported by Russell (1985) that the hybrid B84 X MolV has consistently greater grain yield than the hybrid B73 X Mol7. Our conclusions are limited to the (B73 X B84) X Mol7 reference population, and without further studies, it is difficult to generalize and conclude that epistasis is of global importance in all elite maize hybrids.
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The choice between ¥2 and BC as source populations seems to be a function primarily of selection intensity. For high selection intensities, the F 2 is the better source population, and for low selection intensities, the backcross to the better parent is the best source population. The results are based on the usefulness criteria and, therefore, do not entirely account for linkage and epistasis. Intuitively, there should be some advantage to backcross to the better parent when positive epistatic effects are fixed in the parental inbreds. Melchinger et al. (1988) concluded that the ¥2 was likely to be the superior segregating population when (i) the differences in the testcross means of the F 2 and backcross populations are small compared with appropriate genotypic standard deviations, (ii) the heritability of the selection criterion is high, and (iii) a high selection intensity is applied. They also indicated the generation testcross means could be adequately predicted from the parental testcross means when epistasis was absent. If digenic epistasis between unlinked pairs of loci is important, the precision in predicting the testcross means of F2, BCPi, and BCP 2 generation means can be improved by evaluating Fl testcrosses in addition to P1 and P2 testcrosses. Estimates of genetic variance, heritability, predicted selection response, and usefulness are not attainable without additional information.
There seems to be little advantage, and the evidence indicates there may be some disadvantages, to recombination before selection and inbreeding. As a general rule, we would not recommend recombination before selection in F 2 maize populations.
